(Received 13 May 1957)
Pyridine-2-aldoxime methiodide (I) is by far the most effective compound yet found in restoring the activity of the enzyme cholinesterase (ChE) after inhibition with organophosphorus compounds (Davies & Green, 1955; Wilson & Ginsburg, 1955) .
O CH=NOH OH3 Ie (I) In the previous paper (Green & Smith, 1958) it was shown that the formation of complexes between the reactivating agent and the inhibited enzyme could assist reactivation very significantly. In the present paper we have examined the contribution of complex formation to the efficacy of pyridinealdoxime methiodides as reactivators of inhibited ChE.
EXPERIMENTAL

Material8
The pyridinealdoxime methiodides were obtained by boiling the oximes with methyl iodide in ethanol (Green & Saville, 1956 ). Quinoline-4-aldoxime methiodide, m.p. 232-233°(Found: I 40x2. C11H11N20I requires 1 40.4%) and pyridine-2-alidoxime ethiodide, m.p. 186-188°(Found: I 45-3. C8H11N20I requires I 45-6%) were prepared similarly.
Reactivation experiments These were carried out on human erythrocytes at 250 and pH 7*4 as described earlier (Davies & Green, 1956) [B] In Fig. 3 , the observed rate ofreactivation is plotted against the concentration of isonitrosoacetone (A) for the reactivation by mixtures of i8onitroso-acetone and pyridine-4-aldoxirne methiodide of ChE inhibited with Sarin. From the slope, intercept and values of kiA and KA for i8onitrosoacetone given in Table 1 , KB = 0-0012 mole/l. and kB = 0-037 min.-', in fair agreement with the previous values.
In order to check equation (5) 
DISCUSSION
Kinetic data cannot in general be used to prove that a mechanism for a reaction is correct although they can show that a particular mechanism is incorrect. Normally they can be used only as confirmatory evidence for a mechanism which has been postulated on other grounds. The results given above do not show that the complex formation mechanism for reactivation is necessarily unique or correct, but they are consistent with this mechanism. It has also been necessary to assume that k3 is much smaller than k, or k2. Both the mechanism and the assumption about k1 are reasonable since they are closely analogous to the situation in the more widely studied ChE-substrate action (see Bemhard, 1955) . These reservations must be borne in mind in the following discussion.
The many hydroxylamine derivatives which have been found to reactivate inhibited ChE may be divided into two groups: those with positivelycharged nitrogen atoms and those without. Wilson (1955) has pointed out a significant difference between these two groups, namely, that the members of the former group are about 20-100 times more effective in reactivating the diethylphosphoryl enzyme (e.g. ChE inhibited by TEPP) than in reactivating the dii8opropylphosphoryl enzyme (e.g. ChE inhibited by DFP), whereas those in the latter group are only two to nine times more effective. This difference was attributed to 'promotion' of the intrinsic activity of the cationic compounds by interaction with the anionic site in the diethylphosphoryl enzyme.
The nature of this 'promotion' effect may be seen from equation (1). In dilute solution where
If the strength of the complex is increased by electrostatic attraction between the cationic site in the reactivator and the anionic site in the inhibited enzyme, then the dissociation constant K will decrease, and the rate of reactivation v will correspondingly increase. The importance of this effect will depend on the distance apart of the two charged groups. This will depend on the extent to which the anionic site is sterically shielded by the dialkylphosphoryl group of the inhibitor. This shielding will be greater for the larger dii8opropylphosphoryl group than for the diethylphosphoryl group, so that K will tend to be smaller for the diethylphosphoryl enzymie than for the dii8opropylphosphoryl enzyme.
This effect is illustrated by the data for pyridine-2-aldoxime mnethiodide in Table 1 . The intrinsic activity of the compound in detaching the dialkylphosphoryl group from the enzyme is measured by k3, which is about five times as great for the diethylphosphoryl enzyme as for the dii8opropylphos-phoryl enzyme. This ratio is about the same as the ratio of the activities of non-cationic compounds (Wilson, 1955) which, in fact, is roughly the same as the ratio of the reactivities of nucleophilic reagents generally towards diethylphosphoryl and dii8o-propylphosphoryl compounds (Dostrovsky & Halmann, 1953) . The 'promotion' effect is measured by the ratio of 1/K for the two phosphorylated enzymes. 1/K is about six times greater for the diethylphosphoryl enzyme than for the diisopropylphosphoryl enzyme, so that in dilute solution pyridine-2-aldoxime methiodide will reactivate the diethylphosphoryl enzyme about 30 times as fast as the di- The combination of intrinsic activity and 'promotion' will account for many of the variations in activity observed in hydroxylamine derivatives. Thus nicotinhydroxamic acid methiodide, which shows the 'promotion' effect, is a superior reactivator of the diethylphosphoryl enzyme to nicotinhydroxamic acid (Wilson, Ginsburg & Meislich, 1955) , although the latter will react about three times as rapidly with simple organophosphorus compounds at pH 7-4. Pyridine-2-aldoxime methiodide possesses both high reactivity and the ability to form strong complexes and is accordingly very effective as a reactivating agent.
The intrinsic activity of any reactivator will depend both on the ability of the reactivating agent to react directly with organophosphorus compounds and on the orientation and position of the reactivator in the complex. This latter factor may in some instances be critical and may account for the unexpectedly low reactivating power of pyridine-3-aldoxime methiodide.
The way in which the reactivator fits on to the enzyme surface will depend both on the geometry of the reactivator and inhibited enzyme and on the attraction between the cationic centre in the reactivator and the anionic site on the enzyme. Since the values of k3 for reactivation of ChE inhibited with TEPP by pyridine-2-and -4-aldoxime methiodides differ by a factor of only about 2, and since the reactivities of these oximes with organophosphorus compounds are similar (see Table 1 ), it seems probable that the two oximes are orientated in a similar manner on the enzyme surface. If this is so, the quatemary nitrogen atom in the 4-isomer may be appreciably further from the anionic site on the enzyme surface than is the quaternary nitrogen atom in the 2-isomer, resulting in weaker binding and a much higher value for K as found experimentally.
Pyridine-2-aldoxime methiodide and isonitrosoacetone are about equally reactive with organophosphorus compounds at pH 7 4, and it is of interest that the k3 values also differ only by a factor of about 2, which is consistent with the complexes formed by both compounds being suitably orientated to facilitate reactivation. For ChE inhibited with Sarin, k$ for pyridine-4-aldoxime methiodide is considerably less than that for isonitrosoacetone, which would suggest that the pyridine compound is forced by the strong binding into a less satisfactory orientation for reactivation to occur. SUMMARY 1. Kinetic studies of reactivation by pyridine-2-and -4-aldoxime methiodides of erythrocyte cholinesterase inhibited with organophosphorus compounds indicate that a preliminary step is the formation of a complex between the inhibited enzyme and the reactivator.
2. The reactivating powers of the isomeric pyridinealdoxime methiodides are compared in terms of their intrinsic reactivities with organophosphorus inhibitors, the strength of the complexes and the orientation of the reactivator in the complex.
